microcystic pattern (7) . With these criteria, large-duct type ductal adenocarcinomas account for 7% of ductal adenocarcinomas in a review of 230 pancreatectomy specimens (7) . Large-duct type PDAs manifest as a predominantly solid tumor with several small intratumoral cysts on imaging (Figs. 1, 2 ). The size of cysts is small, usually 0.5-0.7 cm in diameter, occasionally exceeding 1 cm (3, 4) . Although rare, multiple small intratumoral cysts of large-duct type can show honeycomb-like appearance on cross-sectional images ( Fig. 2) (8) . PDA with cystic structures showing honeycomb-appearance may be mistaken with serous cystadenoma (Fig. 3) or branch duct type intraductal papillary mucinous neoplasm (IPMN) (2) .
PDAs with neoplastic mucin cysts
Yoon et al. (4) proposed neoplastic mucin cyst as a new classification of intratumoral cystic lesion of PDA. Both neoplastic mucin cysts and large-duct cysts are lined by mucin-producing neoplastic cells. The difference between neoplastic mucin cysts and large-duct type cysts is the size of cyst and the amount of mucin secretion (5) . The size of large-duct type cysts is small, usually <1 cm, but the size of neoplastic mucin cysts can be large, up to 7 cm. Neoplastic mucin cysts in PDAs (Fig. 4) have smooth margin and they are usually solitary, but occasionally a few cysts are seen (4) .
PDA with neoplastic mucin cyst should be distinguished from IPMN with an associated invasive carcinoma. When a solid mass in the pancreatic parenchyma surrounding the dilated ducts appears, IPMN progressing to invasive carcinoma should be considered (9) . PDA with neoplastic mucin cyst differs from invasive carcinoma of IPMN (Fig. 5) , because neoplastic mucin cyst does not appear around a solid mass but within a solid mass (4).
Colloid carcinomas
According to the World Health Organization classification of pancreatic tumors, colloid carcinoma, also known as mucinous noncystic adenocarcinoma is a histologic variant of PDA, accounting for 1%-3% (5, 10). Colloid carcinoma is not a true cystic tumor, but this tumor shows predominantly cystic appearance on imaging due to abundant mucin. Pathologically, colloid carcinoma is defined as an infiltrating ductal epithelial neoplasm of pancreas characterized by the presence, in at least 50% of the neoplasm, of abundant extracellular stromal mucin pools and a scant amount of neoplastic cells floating in the center (5, 10) . As the mucin pool acts as a physical barrier, colloid carcinoma has better prognosis than ordinary PDA (10) .
Colloid carcinomas of the pancreas show poorly enhancing low attenuated mass on contrast-enhanced computed tomography (CT) and very high signal intensity on T2-weighted magnetic resonance imaging (MRI) due to abundant extracellular mucinous components (Fig. 6 ). On dynamic contrast-enhanced imaging, the colloid • Neoplastic cystic changes include large-duct type cysts, neoplastic mucin cysts, colloid carcinomas and degenerative cystic cavities.
• Non-neoplastic cystic changes include retention cysts caused by ductal obstruction and pseudocysts caused by tumor-related pancreatitis.
• Depending on the histopathologic type of cystic features, PDAs may demonstrate different imaging findings in the number, size, location and margin of cysts on cross-sectional imaging. 
PDAs with degenerative cystic changes
Pathologically, degenerative cystic change is formed by tumor necrosis containing necrotic and hemorrhagic tissue in the cavity. Degenerative cystic cavities in PDAs are usually characterized by a large solitary intratumoral cystic lesion with irregular margin and central location of the tumor ( and be classified as moderately or poorly differentiated adenocarcinomas (3, 12) . PDAs with degenerative cystic change should be differentiated from other pancreatic tumors with intratumoral cystic degeneration such as solid-pseudopapillary neoplasm and cystic neuroendocrine tumor (4). Solid pseudopapillary neoplasm is usually seen as a large well-defined predominantly solid mass with cystic components of variable size in young women. Well-circumscribed tumor margin and homogeneously enhancing soft-tissue components are clues to differentiate solid pseudopapillary neoplasms from PDA. Pancreatic neuroendocrine tumor (Fig. 10) is typically seen as a well-circumscribed hypervascular solid tumor, with cystic components reported in 17% (11) . The solid component of neuroendocrine tumor shows intense arterial enhancement, which helps to differentiate neuroendocrine tumor from PDA.
Non-neoplastic cysts PDAs with retention cysts
Obstruction of pancreatic duct by tumor may result in the formation of retention cysts in PDAs (8) . Due to its mechanism of formation, retention cyst is located at the tumor periphery, not inside the tumor. Pathologically, retention cysts are lined by normal flat ductal epithelium without atypia (3). On CT or MRI, retention cysts have smooth margins and are located outside of the tumor in the pancreas (Figs. 11, 12 ). The cysts are usually unilocular and small (0.5-1.5 cm), but can be large, up to 10 cm. When a cyst suspected to be a retention cyst is observed, it is important to ensure carefully whether obstruction of the pancreatic duct is caused by a stone, stricture, or duct-obstructing tumor (13) . Careful evaluation of the peripheral portion of the cyst may reveal poorly enhancing ductal adenocarcinoma near the retention cyst (Figs. 11, 12 ).
PDAs with attached pseudocysts
Idiopathic pancreatitis can be an initial presentation of pancreatic adenocarcinoma (14, 15) . Tumor-related pancreatitis can occur by ductal obstruction due to PDA, which may result in pseudocyst formation. Histopathologically, pseudocyst is lined by necrotic tissue with hemorrhagic material and turbid fluid, which is surrounded by inflammatory tissue. Pseudocysts are usually unilocular and always located outside of the tumor or even outside of the pancreas on CT and MRI (Fig.  13) . Pseudocysts are often irregularly marginated in the early stage of their formation, but gradually become well-defined with a thick enhancing wall formed by granulation tissue and a fibrous capsule over time. Internal blood products and necrotic debris are commonly noted as high signal intensity on T1-weighted images (11) .
When acute pancreatitis occurs concurrently with PDA, overlapping clinical findings and confusing imaging findings often Pancreas ductal adenocarcinoma with cystic features • 9 delay correct diagnosis and treatment. If there are no predisposing factors for acute pancreatitis in old-aged patients, hidden PDA should be considered in the differential diagnosis of pseudocyst.
Summary of imaging features
Depending on the histopathologic types of cystic features, PDAs demonstrate differences in number, size, location and margin of cysts on cross-sectional images (Fig. 14) . Large-duct type cysts usually represent as several small cysts, while neoplastic mucin cysts, colloid carcinomas, and degenerative necrotic cysts usually present as a single cyst. Large-duct type cysts and neoplastic mucin cysts are characterized by well-defined margins. Colloid carcinomas and degenerative necrotic cysts are characterized by ill-defined margins. Retention cysts and pseudocysts are located outside the tumor and can be of variable sizes. Pseudocysts may even be located outside the pancreas.
Conclusion
Depending on the histopathologic types of cystic features, PDAs demonstrate different imaging findings. PDAs with large-duct type cyst usually show a predominantly solid tumor with several small intratumor- 
